Prader-Willi syndrome (PWS), an imprinting disorder, results from the loss of expression of a paternal gene on chromosome 15q11-q13. Progressive obesity and its associated complications lead to increased morbidity and early death in PWS patients. The management techniques available for morbid obesity in adolescents and adults with PWS are limited. Herein, we report successful weight reduction in an adolescent PWS case showing morbid obesity and respiratory failure. An 18-year-old girl with PWS presented with diffuse cellulitis and dyspnea due to severe obesity. Her body weight had increased from 146 to 161 kg despite dietary restriction to 800 kcal/day, and a mechanical ventilator was required for dyspnea. During mechanical ventilation, the patient was managed using diuretics and by restricting fluid intake; her daily calorie intake was reduced to 200 kcal. This aggressive calorie and water restriction continued for 3 weeks and reduced her body weight to 118.6 kg. After transfer to the general ward, the patient was provided with growth hormone therapy and intensive aquatic rehabilitation and was administered liraglutide; as a result, her weight further decreased to 104 kg (body mass index [BMI], 50.8 kg/m 2 ), and she was discharged. Following discharge, she maintained her BMI and adapted to 1,000 kcal/day for 1 year. Aggressive water and calorie restriction were observed as an effective method for rapid weight reduction in PWS patients, and liraglutide appeared useful in maintaining weight reduction in adolescent and adult PWS.
Introduction
Prader-Willi syndrome (PWS, OMIM #176270) is an imprinting disorder resulting from a deletion in paternally derived alleles located on 15q11-q13. 1) Its prevalence is 1 in 10,000 to 30,000 and is not sex-linked.
2) Hypothalamic dysfunction from paternally imprinted gene deletions is the main pathogenesis of PWS and is characterized by short stature, infantile hypotonia, hypothalamic hypogonadism, excessive appetite, and progressive obesity. 1, 2) Although PWS patients treated with recombinant human growth hormone therapy (rhGH; approved by the U.S. Food and Drug Administration since 2000) show improved final height, resting metabolic rate, and body fat composition and a lower body mass index (BMI), problems related to appetite and progressive obesity in adolescent and adult patients remain unsolved.
3) Morbid obesity in PWS leads to increased risk of cardiopulmonary compromise, type 2 diabetes mellitus (DM), chronic leg edema, premature cardiovascular disease, and death. 1, 2) Recently, several clinical trials have revealed the effects of reduced hypothalamic appetite on BMI reduction. 4) Herein, we report the effectiveness of a glucagon like peptide-1 (GLP-1) agonist, liraglutide, and 1-year multidisciplinary management of a Korean adolescent PWS patient with morbid obesity and respiratory failure. 
Case report
An 18-year-old girl presented with dyspnea and diffuse cellulitis in the abdomen and both legs. She had been born at 40 weeks by cesarean section with a birth weight of 1.9 kg. Typical hypotonia and poor oral intake during infancy had been noted in the patient, which was followed by rapid weight gain and intellectual disability during childhood. The diagnosis of PWS was made at 14 years of age, and the paternal deletion was identified through methylation test and fluorescence in situ hybridization for 15q11-q13. Growth hormone (GH) therapy could not be applied due to the patient's advanced bone age (over 14 years) at that time. Her intelligence quotient was measured as 30, and type 2 DM and hypertension were diagnosed when she was 16 years old and were treated with metformin and a calcium channel blocker, respectively. The patient's parents tried to limit her food intake, and her daily calorie intake was approximately 1,600 kcal. At the time of the visit, the patient's height, weight, and BMI were 143 cm (-3.8 standard deviation score [SDS]), 145 kg (4.5 SDS), and 71 kg/m 2 , respectively ( Table 1) . Her vital signs were 190/100 mmHg, 115 beats/min, 24 breaths/min, and 36℃ body temperature. She was unable to walk or sit unaided due to joint pain and massive cellulitis in the abdomen and legs (Fig. 1A, B) . Before the hospital visit, her body weight had increased rapidly by 20 kg due to reduced physical activity for the previous 2 weeks. Ampicillin/sulbactam was administered for cellulitis, and her daily calorie intake was restricted to 800 kcal/day for 1 week; however, her body weight increased to 164 kg (4.7 SDS), and her dyspnea was aggravated. The patient was put on mechanical ventilation for 20 days, and her calorie intake was restricted to 200 kcal/day. Furosemide (40 mg every 8 hours) and fluid restriction (1000 mL/day, 5% dextrose with 600-mL electrolytes and 400-mL free water) were used to induce a massive bodyweight reduction. After loss of 26 kg, extubation was successfully performed. The patient's electrolytes had been closely monitored and balanced (Na, 135-142 mEq/L; K, 3.3-4.0 mEq/L) during the weight reduction process. A pituitary function test was performed due to primary amenorrhea, which revealed hypopituitarism, including GH and gonadotropin deficiencies. Low dosages of GH (1.33 IU/day) and estrogen (0.125 mg/day) were therefore administered. In addition to the high dosage of metformin (1,500 mg/day), a GLP-1 receptor agonist (Liraglutide, Victoza, Novo Nordisk, Denmark) was added for appetite reduction. The serum glycosylated hemoglobin (HbA1c) level was observed as 7.3%. The GLP-1 agonist dosage was initiated at 0.6 mg/day and increased to 1.2 mg/day without an adverse event. In addition, physical therapy, including aerobic exercise and pulmonary rehabilitation, was implemented for 60 minutes per day, 5 days/ wk. At the time of discharge (3 months after admission), the patient was able to walk independently, and her weight and BMI had decreased to 104 kg and 50.8 kg/m 2 , respectively ( Table 1 ). The HbA1c level was reduced from 7.3% to 4.8% during these 3 months. After 1 year, the patient's BMI was maintained at 48.5 kg/m 2 , and she was satisfied on a diet of 1,000 kcal/day diet comprised of carbohydrates (100 g), proteins (48 g), and fat (42 g). In addition, regular mealtimes and expected food amounts were maintained. The patient had continued to exercise daily for 1 hour with familial support. After 1 year, a waist circumference reduction (7 cm), weight loss (62.7 kg), and BMI reduction (31.7 kg/m 2 ) were noted (Fig. 2) .
Discussion
Excessive obesity in PWS is explained by several mechanisms, including low energy expenditure, lack of satiety, and high food intake.
1,2) Hyperphagia leads to acute gastric necrosis or even rupture. 1, 2) A previous report demonstrated respiratory failure due to morbid obesity and the need for long-term mechanical ventilation in a patient with PWS and concluded that weight reduction was important for weaning off a mechanical ventilator. 5) In the present case, management of the patient by massive fluid and calorie restriction intended to lead to rapid BMI reduction aided in weaning off the mechanical ventilator in a faster amount of time than in previous reports. Fluid accumulation may play a role in rapid weight gain and www.e-apem.org dyspnea in morbid obesity. In severe obesity, lymphatic flow can be disturbed, and increased hydrostatic pressure leads to fluid leakage into the tissues. 6) Therefore, aggressive diuretic use and massive fluid restriction may be effective at reducing body weight for a short time, despite concerns of electrolyte imbalance and blood pressure drops during treatment. Controlling the patient's food intake during ventilator use was easy due to use of sedatives. However, intake control became complicated after the discontinuation of the sedatives. Liraglutide was administered for both blood glucose control and appetite reduction. GLP-1 receptor agonists, which include exenatide or liraglutide, have been reported to be effective at reducing appetite and improve blood glucose in some obese patients. 7) A recent pilot study revealed that both PWS and obese patients (n=8 and 11, respectively) who were administered a single 10-μg exenatide injection or placebo in a single-blinded, crossover design showed increased satiety, lowered glucose level, and insulinotropic effects. 8) Following 1 year of exenatide use, a 19-year-old female PWS patient demonstrated marked reduction in body weight and food consumption, 9) and a 25-year-old female PWS patient showed decrease in BMI and ghrelin level compared to those seen in obese patients with diabetes. 10) Six PWS patients displayed improved BMI, HbA1c, and waist circumference after 24 months of exenatide or liraglutide treatment.
11) However, 10 PWS patients showed no significant changes in BMI, weight z-score, and ghrelin when the effectiveness was measured after 6 months of exenatide use, even though improved HbA1c level and decreasing appetite scores were noted. 12) Acylated ghrelin is an orexigenic hormone, and ghrelin level in children and young adults with PWS is higher than those of sibling control and early onset morbid obesity groups. 13) Recently, unacylated ghrelin, which can inhibit acylated ghrelin, appeared effective in hyperphagia and has been investigated for treatment of adolescent and adult PWS patients. 14) Oxytocin (a potent anorexigenic hormone) and intranasal carbetocin (an oxytocin analogue) also have been introduced to improve hyperphagia and the behavioral symptoms of adolescent PWS patients. 15) Several medications have entered phase 2 or 3 of clinical trials for PWS patients (https://www.fpwr.org/ pws-clinical-trials), and this therapeutic approach of appetite modulation via the hypothalamus could provide promising results not only in PWS patients, but also for patients with other types of hypothalamic obesity.
In this study, we successfully treated a severely obese, adolescent PWS patient with multidisciplinary management and GLP-1 receptor agonist use. GLP-1 receptor agonists aid in appetite and weight reduction and could be an effective treatment for PWS. However, large cohort, controlled, and longterm trials in patients with PWS will be required to confirm the efficacy and safety of GLP-1 receptor agonists and analogues.
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